Microwave-assisted hydrodistillation, simultaneous distillation-solvent extraction, and supercritical fluid extraction, were used to isolate secondary metabolites from two Lippia origanoides chemotypes growing wild in Colombia. Compound identification was based on chromatographic and spectroscopic criteria. The main components identified in the essential oil of one chemotype were carvacrol (44.4 -51.8%) and p-cymene (8.8 -10.1%). Those of the other chemotype were p-cymene (11.3 -15.7%) and 1,8-cineole (6.8 -10.9%). The last one constitutes a new chemotype, characterized by its low thymol and carvacrol contents and very low antioxidant activity. The radical scavenging activity of the essential oil of the first chemotype was higher than that of butylated hydroxytoluene (BHT) and similar to that of α-tocopherol.
Research on the genus Lippia has been motivated in many instances by the aromatic and pharmacological properties of many of its species (for example, L. alba, L. multiflora) [1] [2] [3] [4] [5] . L. origanoides H.B.K. is a shrub up to 3 m tall that grows wild in Central America and northern South America and the Antilles [5] . Its green oval leaves are employed as a condiment (due to their thymol and carvacrol content) and as a traditional medicine (flower and leaf infusions) [6, 7] . In Mexico, it is popularly called oregano and used in cooking as a substitute for this spice. In Colombia, it is found at altitudes between 500 and 800 m in several Andean states and in the northern peninsula of Guajira. Two L. origanoides H.B.K. chemotypes have been found in Brazil, both of them with antimicrobial activity [7, 8] . We report on the antioxidant activity and composition (GC-MS analysis) of the essential oils of two L. origanoides chemotypes found on the eastern slopes of the Chicamocha River canyon in the state of Santander, Colombia. The composition of one of the oils was markedly different from those reported for the L. origanoides oils from Brazil, and constitutes a new chemotype. Table 1 contains the main constituents found during the GC-MS analysis of the essential oils and extracts of L. origanoides samples COL-1 and COL-2 obtained by microwave-assisted hydrodistillation (MWHD), simultaneous distillation-solvent extraction (SDE) and supercritical fluid (CO 2 ) extraction (SFE). Kovàts retention indices, used as complementary identification criteria, obtained on polar (DB-WAX) and non-polar (DB-5) stationary phases, are also presented in Table 1 . Monoterpenes (C 10 H 16 ) and non-oxygenated sesquiterpenes (C 15 H 24 ) were the main constituents of the COL-1 secondary metabolites. In contrast, phenolic compounds and monoterpenes were the main compound families in the COL-2 essential oils.
In order to establish that these compositional differences were not caused by either microclimate or geobotanical differences in their wild, original collection places, both plant types were cultivated in small (3 x 5 m) plots at the University's experimental garden. Both plots were subjected to the same soil, irrigation and illumination conditions.
Leaf samples collected at the same time from each experimental plot before and after florescence, yielded essential oils with the same compositional differences shown in Table 1 . MWHD oil yields of 0.97 and 2.3% were obtained for the COL-1 and COL-2 samples, respectively.
Santos et al. [8] reported the relative amounts of the major components of the leaf oils obtained from L. origanoides plants from three different origins in Brazil, labelled as OECAM, OECAB and OEFRE. Carvacrol was the main constituent (~40%), followed by p-cymene (~15%). Oliveira et al. [7] reported the composition of a L. origanoides essential oil corresponding to a different region (Oriximiná, Pará state, Brazil), in which carvacrol was also the main constituent (38%), followed by thymol (18%) and p-cymene (10%). Rojas et al. [9] compared the compositions of L. origanoides oils from leaves collected during the rainy and dry seasons in Venezuela. Thymol (61.9 and 44.7%) and carvacrol (7.9 and 16.8%) were the main components of these oils, respectively. The composition tables of these oils were combined with the Table 1 data to perform a principal component analysis (based on covariances) that facilitated the inference of similarities among all oils involved. In Figure 1 , each essential oil composition is plotted as a single point in the plane formed by the first 2 principal components, which together represent 83% of the composition information. The The small content of phenolic compounds may be the main cause of the low radical scavenging activity determined for the COL-1 essential oil. Table 2 presents the results of the ABTS +° radical scavenging assay conducted on the L. origanoides oils and several reference antioxidant compounds. The presence of thymol and carvacrol in the COL-2 oil may explain its much higher antioxidant activity, which was more than twice as active as BHT, a synthetic antioxidant compound widely employed in consumer products. In conclusión, a third L. origanoides chemotype has been found in Colombia, growing wild in the same area as another chemotype with an essential oil composition very similar to that of L. origanoides collected in the Pará state of Brazil. The essential oil obtained from this new chemotype has very low thymol and carvacrol amounts and its radical scavenging activity is almost negligible. Extraction: Microwave-assisted hydrodistillations were carried out in a Clevenger-type apparatus the round flask of which was contained in a domestic microwave oven (LG intelowave, 2450 MHz, 720 W) [1] . Three consecutive 10 min heating periods were employed. SDE was performed in microscale equipment, as described elsewhere [1, 10] , using dichloromethane. The extract was concentrated with a N 2 stream and dried with anhydrous sodium sulfate. A J&W Scientific (Folsom, CA, USA) high pressure Soxhlet extractor was used for SFE at 1100 psi, using dry ice (200 g).
Experimental
The extract was dissolved in dichloromethane, filtered, concentrated under a N 2 stream and dried with sodium sulfate.
Chromatographic analysis:
Compound identification was based on chromatographic (retention times, retention indices, standards) and spectroscopic (spectral interpretation, comparison with databases and standards) criteria [11, 12] . Two GC-MS systems were employed, an Agilent Technologies 6890 Plus gas chromatograph (Palo Alto, CA, U.S.A.), equipped with an Agilent Technologies 5973N mass selective detector, and an Agilent Technologies 6890 gas chromatograph coupled to an Agilent Technologies 5975 mass selective detector. Both systems were equipped with a split/splitless injector (split ratio 1:50), a 7863 automatic injector and an MS-ChemStation G1701-DA data system that included the spectral libraries WILEY 138K, NIST 4°C min -1 , then to 250°C (5 min) at 5°C min -1 , and finally, to 275°C (15 min) at 10°C min -1 . The ionization chamber and transfer line temperatures were kept at 230 and 285°C, respectively.
Antioxidant activity:
The radical scavenging capacity of essential oils was determined by means of the ABTS +• radical cation decoloration assay described by Re et al. [13] . All experiments were performed in triplicate. α-Tocopherol, BHT and BHA were used as controls. The dose-response of the reference substance (Trolox ® ), expressed as the percentage of the absorbance of the remnant ABTS +• , was calculated using the absorbance readings at 734 nm, as A 734 (%) = (1-A f /A o )x100.
A o and A f are the absorbance readings before and 6 min after the addition of the sample, respectively.
The total antioxidant activity was expressed as mmol of Trolox ® /kg sample.
